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‘J’IIc llcrhig  Ac star, Al] Aur, wasobsmd at 11.7 /1111  wavdcIIgtlI using tlIc CoI-

IICII  Spcct IKKhIII-1(1  i m a g i n g  sIjc*ctloIIIc’tcIl  OII the 5-IH IIalc ‘J’clcscopc.  ‘J’l Ic obsmd

i]na~m wcw dccoIIvolvd  using a IIayesiall  esti]nahr  wllicll  p r o v i d e s  supcrrcsolution

f’ro]n the incor])oration  of ])rior i]lforlnation  (tlIc’ ]msilivity  of ill(cnsity  and the finite

supl)ort  of tlIc emissio]i), yicldi]l~  a fiIIal s])alial rcso]utio]l  of ()!’17,  corrcs])o]lcli]ig  t o

2 7  All al- a distance  of160pc.  OUI dcc.onvolvd  ilnagcs havcresolvd  tlic circulllstd-

lar disk (diameter N 50 All ), aIId Iwcald  tlIc pmmtcc  of a ccIItIal  dq)wssio]]  WIIOW

size (N 3040  All) is c.onsistcnt  with tl,c outm dialtlctcr  of III(I gap which had km

ill fwrcd  i]l(le])[!]](lc]ltly  using a IIloclcl-fit  to tlIc object’s spcctlal  elIergy distributio]l.

We IIy])otllesizc  tlIat tlIc gal) is duc to tlic gravitational cfrccts of ])lanets,  and that All

Aur is tlIe forerunllm’  of a [j l’ic-ty])c systcm<



] Introduction

II) ljrevious  IIIodcli IIg s tudies , broad  lllicl-i]lfrarccl di])s  ill tlIc  s]wctral cl Icvgy distril)utio]]s

(s1’:1)s)  of Solllc

disks, assuming

‘J’ ‘1’auri stars llavc  l)CCII attril~utcd  t o  ]lllysical  gal)s i]) tllc circu]l]stcllar

l]at  tc:lIl]J(:Iatllle  dccmascs I]wllotollically  outwards fro]]] tlIc  star (Mars])  &

lv4allollcy  1992, 1993).  Sllcl

(, Arty] nowiw 1987).  SOIIIC 1

otlIm s]wctral cllarac.t$cristlic

,e; a])s ]l~ig;llt  k cxjmctd  as a coIIscque  IIc.c of ])la]lct  for]naiioll

crl)ip;  Ac stars a l so  cxllil)it  IIlid-illframl  SIKIIal ~lips,  ;llIc1  lI~VC

: wllicll Suggcstj  tlIatl tlIcy  arc si]ll])ly  lIottcI  (and IIIOIC ]]]assivc)

~ersio]ls  of ‘J’ ‘J’auri  stars (Ilillc]lbra]ld  d a l . 1 992). WC would tllcrcfore  cx]xd  ga])s to bc

]) IrscIIt  ill these disks also, l~ut OII l a r g e r  scalrs tlla]i f’oI tlIc  ‘1’ ‘~’auri  stars.  1“01 cxa]n]~lc, tlIc

S1}1) of All Aur suggcst,s a gal) dia]]~dcr d akmt 50 Al l .  h!otivakx]  hy illis  ])rdidioll,  wc

lIavc II}adc ilt]agcs  of Al]  AUI at 11.7 ~[111 wavclmg;tl), wit]l a s])atial  rcsolutio~l  of 0’.’17, a])d

will now discllss  tlIese  obscrvatio]ls.

2 Observations

()~1] ol)sewatio]]s of All Aur were ]]ladc  011 oct ol)cr  28, 1993, using {IIC S]mct ro(;a III-I O ilnag-

i]]g; SIXC{mIICtfCr  (Ilaywal[l  ct al. 1 993) 011 tllc IIalc  5-III ickxo])c, a{ 11.7 pll I w’avclc]lgtjll,

wit]] (Y.’25  ])ixcls. ‘1’IIc diflrac.tie]) li]]lit (A/1)) was 0’!48. A ]Ilodificd  cl]o])])i]lg-a]  lcl-]lc)clcli]lg

tcc.ll]liquc  (Vail

gIolII  Id, wit]) N

Clcvc  ct al. 19!)-4 ) was usd ill order to facilitate rcll ma] of tllc Sli~ lJack-

S disl)lamnc]lt  of oII-source aII(l  off-source ]msitiolls. SIIort  illtcgratio]l  ti]]m

(1 .025 s cacll,  for olI-soIIrcx:  and of[-source) were usd k rducc  tlIc  cff’ccts  of sccillg  a]ld tlclc-

sco]w ]Imtio]l. Okrvatliolls  of o ‘1’au aIId /3 GCIII w e r e  lIIadc for calil)ratiol)  puqxms.  ‘J]IIC



tda] 011-SOIINK iIItcgratioII  tiIIIC was 45. ] s for Al] Aur, aIId 12.3 s cad) for n ‘J’atl and ~ (~cITI.

3 Analysis Procedure

‘1’lIc aIIalysis  procdum  was as follows:

1. 1 )i{rc’rcllc’c {111(’  law i]]]agm to Slll)tract’  tllc Sliy kIC.kF;l’OUlld.

2. (Iolnbillc  tlIc  illdividua]  dif~crc]lccd  i]]]agcs i]ltlo a  si]lglc, well-saln])lcd, difrractio]]-

lil]]itjcd i]nagco III o r d e r  to acco]n])lisll  this, k] Iowldgc of tlIc  fla]t-]c-to-f]?l]lle  of~sctls

w a s  rcx]uid.  ‘1’lICSC  w e r e  csti]lldtcd  lJY II]axi]llizillg  tile cmrelatio]i  lmtwccul  cacll dif-

fcrmlc.cd  i]]lagc aIId tlIc  ]tomi])a] ]mi]lt s])mad  fu]lctio]]  (1’Sl~). ‘~’l Ic i]llagcs  w e r e  tlICII

co]nbil]ed  using a ]J]ost-]J1501>al>l(”  IIaycsiall  csti]nator, l~asccl  olt (;aussia]l  prior s t a t i s -

t i c s .  ‘1’llc nlotlivatio]] for usi]lg this ])rocdurc,  ratllcr  {llalI  siln])lc  “sl]ift-a]](l-acl(l,”  i s

tlIat tl~c l a t t e r  would  }Iave suffcrd fro]II aliasi]lg  ])roblclIIs  duc t o  tl]c slig}lt undcl-

sal]]])li]lg at ilw focal ~)lanc.. 111 tlIc  l~aycsia]] ]JIWC.NIIIYC, t’] Ie framo-tlc-fl’?l]  IIc Offsets

cf~ectivcly  provide sul~-l)ixcl  saln])lillg  wllicll prcvcIIts  aliasi]lg  of tlw clifr~actio]l-li]]litccl

i]]~agc.  ‘1’IIc result for Al~ Aur is  SIIOWII ill 1~’igurc  ~a.

4 .  I) CCOIIVOIVC  tlIc  l)S1+’ fron] tlIc  co]]]l~i]}d  All Aur il]]agc J, usi]]g a  IIaycsia]l  csti]]]ator

dcsig]lcd  to obtai]l  sl]])c]]csc)l~ltioll  fro]]) tlhc i]lcc)]’])[}]atio]l of prior  il]fon]latio]l,  specif-

ically,  tlltc  positjivit)y  of i]ltje]lsity  and  tllc finite sup]xwl  of tllc clt]issioll.



])ossil)lc ilnagcs  (Xmc)-lncall  Gaussial)  for lwsitive  ])ixcl-valum  wid  mm })rol)al.)ility  otllcr-

w i s e ) .  ‘1’mts  wit]]  Lot]]  mal  and sylltlldic  data illdicatc:  tl]at lvitll]  a], il]put  S/N w I 00 ({,I,c

a])])roxill)atc  va]uc  for tll)c ])rcxcult  c)l)scl~’iltiol]s), t] lc s] )ati al mm]  utio]  I of tl I c deem Ivo] d

il~~agc is a]J])lc)xil]~atc:l~T  0.35 A/1~, i.e. 0!’1 7, collc:s])c)lldillg  to 27 All at tlIc  1[;0 pc distance

of  Al] AIlr  (llillclll}rand  d al. ]992).

A  varidy  of dii[erc]]t  l’Sl~s  w a s  usd ill tllc  d[:collvoluiioll ,  ill order  10 illvmtigatc  tllc

sc:llsit,ivjty  of t,]]c rcsu]t  to l) S]” CI-NM. ‘J’IIc:sc  1’S1”s  wow dcrivd  using;  ( a )  a l l  availal~le

calibrator  olmnaticms,  ( b )  0 ‘J’au oIIly, and (c) (j (;CVI1  o]lly. A s  all cxamp]c,  tllo first o f

tllmc l)S1”s is sl]owl) ill l{’igurc  JIJ.

4 Results

‘1’I)c rcsulti]lg  CICXOIIVOIVCX1  ilnagcx  of All Aur, I]lMIC  wit]] tllc al.)ovc  tllrm l’Sl~s, am S1]OWN

i]] 11’igurc  2 (a,b, c, rcqxdivdy).  Also  SIIOWJI  (1’’igurc  2d) is tllc result of yd allotllcr  l) S1{’,

est,i]]]atcxl  usil]g  oIIly  tl)c  %l]arpd’) half of tjlle  0 ‘l’all  and  /? (;cun data (bascxl  0]1 a sllarp]lcss

i]]dcx drfi]id  as tlllc  ]Iorll]alizd  su]13 of sqllarc:s  of pixd I’alucs).  Wc mgarcl  IPigurc 2d as our

lxxt csti]nak  of tile All Aur ilnagc. ‘J’lIc ~)cak briglltlllms  tclllpcratum  was 1761<.

A l s o  sI1ow]1 in l’igurc: 2 arc tlJC dKo11vol\7cd ilnag;cs  of tllc calil)rator  stars, as all illde



]“igum 2a a])d ‘h] suggest t]Iat t]Ic  Al] Aur disk ;S cxk]]d(d (W 50 All) at ] ] .7 p]]]> aIId

lJOSSCSSCS  a cc])tra]  dcl)IwsioII of diamctcI  w 30 40 AIJ.  Altl]o~IglI  of lower quality, iIIIages  2LI

a n d  2C support  f,llcs[:  Collclusiolls. l“urthcr  m’jdellcc  of tlIc rca]jty of tl)c  ccl]tral  dc])mssioll

i s  tllatj  tllc calil)lat,or-stjal  il)]agcs (1’’igurcs  2e, 2f )  am sillgle-l)cakcd.  ‘J’llcy  arc disl,oll cd,

IIowmm, duc to sc{:illg-illclllcc:(l  l’Sl~ r o w s ; coll]])arisoll  wjtll  II)C corresl)ondillg  All Aur

ilt)ag;cs (1’i,g;urcs  21>, 2c),  ]nadc wit],  {I,c saT,,c t w o  l’Sl~s, sllo~vs  collsistcj)t, l)cllavior  11’itll

5 Interpretation

It i s  illtcrestillg  to coml~arc  tl)mc ilnagillg  rcslllts wit]] tllcordica]  exl)cctatiolls  bad o]]

IIloddillg  o f  {]IC S101).  ]“o]]owillg  ])mvious  work  (Mat] licw,  AdaJns,  &’ ],at])al)l  1991; Mars]l

& h!lalloll(~)~  1992,1 993),  WC asslll]lcd  a circulnstclla]  diSli  ltlodcl  writ]]  a radial t[:]))l)et~it,(]l(:

l a w  o f  tlIc  forln  7’(7) M r-’, al]d a  r a d i a l  v a r i a t i o n  o f  lil)c-of-sig;llt  o])tical  dq)tlli of tlIc

fmll T(r) Cx ?“- : , in wllic]]  allowance was IIladc  for tl]c  ]) ImeIIcc of a gal). ‘J’l)c frequcqlcy  -

dc])c IIcl(vIcc of dust  o])acit,y  was assullld  to lK of {I]c folj)l givc]l  Ly Adalns  & S1]1]  (1 986),

IIwdifid ill tl)c  8 13 Iim rcgioll  accxmlillg  t o  Col)c]l  &’ \Vittcborll  (1  985).  IIi tllc nlodc],  t,llc

silicate cl]lissjoll fcatlurc  was assulmxl  to bc ]J]wduc.d  ill all o]~tically-tl]ill  dust  cloud located

ill tllc gal) Icgioli, wit]] a dust  tcl)lpcrature  of  500 K, a]ld a  9 .7  ~[m o])tical  dq)tll  of  0.1

((;ohc])  &, \Vitltclmll I 985).  Stlcllar ])aralnctms  (1, *, I/j, &t Al) uwrc talml fronl  IIillclll)raltd

et al. (1992).
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l“igurc  3 sl~ows tl]c  obscnd  SI’H ), togctlIcv  wit]) tlIe  tllmrctical  spccim]]]  fcn a  IIKKIC1

disk Of ;1111(!1’  ~lld  Ollkl’  radii  ?’i,, =-- ().1 9 All a]ld ?,,,], = I (IO All, l(:s])c~(ti~’c:ly,  colltaillillg  a gal)

Imtwwm) radial dista~lccs  0.28 AIJ and 25 All. ‘J’IIc assul IIcd  orbital inclination  was 55° , and

ot]lcr ])aralmtcrs were: I’(?i,,)  ‘= 2200  1<, ~ ‘“-

s])atial  illtcllsity distribution] of this nlodc]  at

0.!58, T(?”, ) = 2 .8x  107 . ‘J’lIc c.mmspondi]lg

1 1 . 7  //]11  is slIow’11  as all i]lsct,  togcilIer  wit]l

tile “SIIIOOtllICd”  vcrsioll  obtai]]cd

olutio]l  algoritll]]].  A  coll]parisoll

by col]volutioli  m’itl)  tl)c  sl)atial  rcs])olisc  o f  our sll}wrms-

wit]l l“igurc  2d SIIOWS  tlla{ tllc  I) KXIC1 IIas rcpduccd  tl]c

})lilIc.i])alc  ]llalitatjil~cf  catlllcsoftl  lf'ol~sf:ll~c:cl  ([l[:c(jllI'oll~  c:cl)il]]ag(:,  cllalactclizccll~ya  cc:l]ilal

dq)mssioll  wllicll is flallkcd  Ly c]nissioll  ])caks sc])aratd  by aboui  40 All.  ‘J’l)c cult  ra] scmrcc

(il,l,cr-disk  + sta*)  l)as km, dilutd  out ill tl,c s,)m,ll,i,]g ]JmCCSSo 11 is cl]couragillg  that  tlic

]wak  Lriglltllcss  tc:ll)])c:lailllc:  of tl]c  slnootlicd  ndel-ilnagc  ( 1 WI K ) is close to tl)c  okmrvcd

value of 17(i K.

11)  order  to prducc tlIc cclliral dclnxmsioll  ill tile lIIodcl ilnagc, it was IIcccwsary  to locate

Ilic  o])tlically-  tlllil]  sili[:atc:-c:l)  littillg  g;raills  ill a]} a]l])ulus  around  tllc ou t s ide  dgc of tllr gal),

23 25 AU fro]n  tl)c  star, l e a v i n g  tl)c  rqgioll r = 0 . 2 8  23 AIJ dmwid  of lnatcria]. WC assu]])c

tl]at tllcsc grains arc IIcatcd  bcyolld  illc local radiation Ileln]mature  as a result of dcpartums

froltl l)lacklm]y  c]nissioli, a s  wou ld  lx: mpcctcd  if tllc grail) size were slllall (I]ackll)all  &I

l)armce 1992). l~or Al] Au], grai]]s  t~])ic.al of tllc ISkl  would  attain tllc rccjuird  tclnpcratllm

of 500 1<.



6 Discussion

‘1’llc  co]]) pariso]l  of 0111 observed i]nagcs  Tt’itll  tllcorctica]  modds suggests  t]]at, INUC,II  d’ t,]lc

illl}cr rcgio]l of tl)c  A 11 Aur disk IIas l>CC]I swcl~t clca]]  of dust,. WC lnay  tl)crcforc he witl]css-

ill~? for tjlic  first tilllc, O]IC of tllc l)rcdictd  oljscrvatiolla]  coIIscqucllccs  of ]Jlallct forlnatiol]

IIcar  a l)cwlmrn  star. Itl is illtcrcstillg  tl]at a rcccnt olmmaiioll  of the circ.umstcllar disk of

tl]c  llcarl~y  lnain-scqucllm  star ~ l)ic  (I,ap;agc & l)antill 1 994) also providm  cvidclicc for a

cmitral  c]carillg;. ,Sillcc  /3 l)ic  al)d Al) Aur arc o f  fairly si]l]ilar  slwctral  iy])c  (A5 and AO,

res]wct,ivc]  y), ii SCCIIIS rcasollablc  to su]>]msc tl]at A 1) Aur rcl)rcscllts al] earlier cvoluliollary

stlagc of a [; l’ic-ty]w systmn.

W C thus llavc  two  classes of ol)jcct (i.e., IIcaILy ]t)ai]l-sc:{l~l~:llcc  stars  a]]d IIerl)ig  AC stars)

~~’llosc circulnst,cl]ar  d i s k s  call bc ilnagcd ill tile IIlid-illfrad wit]] suf(icicnt  rcsolutiol]  to

dctlcct  stjructurc  re la ted  {)0 l)lallct,  forlilatiol~. Altlloug]l  tllc I)cst lillcar rcsoluiiol)  (i], .411)

wwlld IN oljtailicd f o r  tl]lc doscst  oljjccts,  /55 l)ic a p p e a r s  to IN ulliquc ill bcillg  tllc o)]]y

n e a r b y  II)aill-s(:(]llc:llcc:  star WI)OSC cil(:llll)stc:llal  disk is Lrigllt  c])ougll for clctaild  illlagillg.

11)  coIItIast,  tllcrc exists a sul)stantial  IIUIIIIXII  of IIcrl)ig  Ae stars WIIOSC  disks could  IN i]])agcd

usi]lp; tlIc  tccl)niqucs  dcscrild  ill this ljdlo>.
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Figure Captions

Figure  1 ( a )  CombiIIcd  (difrlactioll-lilllitc(l)  ilnagc of All AUI; ( b )  1’S1’, clcrivcd  fro]]] a l l

availab]c ol)scrvations  of n ‘1’au al)d ~ Gcm. lbtll  j]]]agcs  arc pIcscIItcd 0 1 1  a  logarithlnic

i])tc])sity  sca]c  of 2 dccaclcs,  wit]l a field of vim’  of 3“.

l“igurc 2 IIccollvolvcd  i]nagcs  at 11 .7  pin,  cacll ])rcscl]tcd  on a lillcar illtcnsit,y  scale,  witlI

a field of vim’  of 1”.

(a) Al) Au,, dcco,,volvcd  using  l’Sl~ derived fro,,, all caliljratoy data.

(h) AI)  Au,, clcco],volvd  using  1’S1’ d e r i v e d  fro,,)  Q ‘J’au ol,scrva{io]]s  only.

(c.)  All Au,, dcco,,volvccl  usj,)g  l’Sl~ derived fro,],  /? (;c],, observat ions o],ly.

(d )  All Aur, dcco],volvcd  using  1’S1’  d e r i v e d  fro,]] tl]c  %llaqnt)’  l)a]f of tl,c o ‘1’au  and

~ (JcqII data.

(c) /~ (lull, clcxonvolvd  usi],g  l’Sl~ d e r i v e d  f r o m  0 ‘J’au ol-,scrvatiol,s.

( f )  n ‘J’au, dccol,volvcd  usi~,g 1’S]’ clf:rjvcxl  fro,]] @ (;c]n ol>sclvatiol~s.

l“igure  3 l{csults  of tllcorctica]  moclclil~g.

l’lof:  olxmrvcd and ]nodclcd  sjmctral mlcrgy  (Iistlil>llti[)l]s of A  11 Aur. ‘1’llc plottd poi]lts

rc})resc]lt  ])uljlishcxl  ])l)oto]nctry,  takcll fro]]] IIillcllljrallcl  d a l .  ( 1  9 9 2 )  and Col)cn & \3~ii-

tcl.m>ll  (1 985). ‘J’l)c solid line rq>rcscllls tlIc  tllcorclica]  spcctlrulll  for a Inodcl  consis t ing of

star + cilcllll-lsic:llal  disk, ill which tllc disk contai]ls a gal). Also shown  arc tl]c  illdividua]

col)tlil)utiolls  of stal (dd-dasl]d),  and disk (dasllcd).

17/s(:1: ‘J’lIc u])]mr  pallc] s n o w s  tl]c  tllcorctica]  il}tcllsjty  distril)llt,iol]  Corrcspollding  to il)c

]nodc].  It is ])rcscntfcd ml a logarithmic scale s])allltillg  6 dccadcs,  sucl I {hat  t)llc peak illtcllsity
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0CCII13  at tl)c  central source (SCCII  as a slnall  dot),  while tl)c  ]Ililliltn]lll illk]lsity occurs a{ tlIc

Ollt!sidc ~

tll(’

go d tl]c  disk as SWJI iII tlic figuw. ‘J’]Ic ]OJVCI  ])allc] (]j]lcar  illtcnsitly  scale) sllo$~’s

(’s11 of slnodlling  t h i s  clistributio]l  with  Il]c s])atial  rcspmlsc o f  our s~ll~cllc:sc)llltioll

algoritlllnj  a]ld mgriddillg  using t.l)c salnc saln])lil]g  inkrval  as for IJigum  2. ‘J’IIc fidd of view

of lx)tl I paIIels  is 1“
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